orous muscle contraction, contributing to increased pressure in the nucleus pulposus. The exertion and excitement associated with the sorting process was likely the triggering event.
The rations fed to these pigs were formulated to meet or exceed National Research Council (NRC) requirements, but the nutritional requirements for these highly lean, rapidly growing swine are likely more stringent than are those for swine of less productive capacity. The optimal micronutrient and macronutrient levels may need to be more fully defined for this genotype. Marginal levels of nutrients fed to animals with lean genotypes could be a predisposing factor for spinal instability or injury.
In the authors' opinion, the genetic, performance, behavioral, and, possibly, nutritional risk factors combined to make these pigs unusually susceptible to fibrocartilaginous embolism. Although a herd outbreak of this type is unusual, it demonstrates that in modern swine production, the definition of ''unusual'' is fluid. Consideration of fibrocartilaginous embolism in the differential diagnosis of posterior paresis in swine may become more important as swine grow more rapidly, are fed to heavier weights, and have leaner body type genetics, which is the trend in the swine industry. 3 Toxaphene (CAS 8001-35-2) is a chlorinated cyclodiene pesticide product containing 67-69% chlorine by weight. It is a complex mixture of more than 175 chemical compounds each composed of 10 carbon, 6-12 chlorine, and 7-12 hydrogen atoms per molecule. 1, 7, 10 Most of these compounds are chlorinated bornanes and camphenes. Of these, 2 compounds-2,2,5-endo, 6-exo, 8,8,9,10-octachlorobornane (toxicant A-1) and 2,2,5-endo, 6-exo, 8,9,10-heptachlorobornane (toxicant B)-account significantly for the acute toxicity of toxaphene. 1, 5 Toxaphene was one of the most heavily used insecticides in the USA before it was banned in 1982 by the US Environmental Protection Agency (EPA) because of concerns about cancer, population reduction in nontarget species, acute toxicity in aquatic organisms, and chronic effects to wildlife. It was used to control insect pests on cotton and livestock and to kill unwanted fish species in lakes. Although toxaphene is now banned, the EPA granted exemption for use of existing stocks on beef cattle to control psoroptic and sarcoptic scabies and ticks. However, toxaphene is readily available worldwide for tick control on livestock and for pest control on cotton, corn, and small grains. The acute oral toxic dose of toxaphene for cattle as reported in the literature ranges from 5 to 35 mg/kg. 4, 6 Calves are more susceptible than mature cattle.
In mid-November 1995, 4 of 24 20-month-old Limousine/ Holstein crossbreed feeder cattle (360-405 kg) died within 3 to 4 hours of each other on a farm in western Michigan.
A fifth one died 8 hours after the clinical signs were first noticed. All 5 dead animals were on a 14-acre pasture. All affected animals had neurologic signs including walking in circles, pivoting around the hind legs, and backing up. Death followed tonic clonic convulsions. Prior to the deaths, no dips, pour-ons, back rubs, or treatments were used on or given to the animals for several months. Necropsy of the 5 dead animals was unremarkable. Because several animals died within a very short time, toxicosis was suspected. Liver and kidney samples were submitted to the Michigan State University Animal Health Diagnostic Laboratory for testing. The differential diagnosis included heavy metal (lead and mercury) and pesticide toxicosis. Both liver and kidney samples were screened for heavy metals using inductively coupled plasma emission spectrometry. No heavy metals were found in any specimens. Subsequently, a representative liver sample was screened for toxic organic compounds using gas chromatography and mass spectrometry (GC/MS). The liver was extracted with acetonitrile, partitioned into methylene chloride, and purified by gel permeation chromatography (GPC). The purified extract was chromatographed on a Tandem Mass Spectrometer (TSQ-70 GC/MS). a The gas chromatograph was equipped with a 15 m ϫ 0.25 mm ϫ 0.25 m DB5ms column b and the temperature was programmed from 80 to 300 C. Electron impact (EI) spectra were obtained at 70 eV. For confirmation, representative EI spectra from the liver sample were compared with those of reference toxaphene of the same retention time. Under these conditions, toxaphene was identified in the liver sample.
Following identification of toxaphene in the liver specimen, a thorough inspection of the farm was conducted. It was learned that just before the animals died, they were seen in an abandoned granary in the pasture. This granary had not been used for many years and had been locked to prevent access. On close inspection, the granary showed damage from cattle feeding on the siding, threshold, and floorboards. A crushed, empty 1-gallon metal container labeled ''Cooper Back Rubber Concentrate,'' with active ingredients listed as toxaphene, 68%; xylene, 7.72%; and kerosene, 23.28%, was found on the floor. Two cans of insecticides containing rotenone, one can containing pyrethrin and 2,2-dichlorovinyl dimethylphosphate (DDVP) as active ingredients, and one oil container were found undisturbed. On the basis of clinical signs, analytical results, and the recovery of a toxaphene container from the property, a diagnosis of toxaphene poisoning was made.
For public health reasons, the farm was placed under quarantine. Fat biopsies were taken from the remaining 19 animals to monitor toxaphene residues in fat. The first set of fat biopsies was taken 4 weeks after animals were exposed. For quantitative analysis of toxaphene in fat, a 1.0-g aliquot of fat was mixed with 75-100 g of anhydrous sodium sulfate and ground to a dry powder with a mortar and pestle. The powder was quantitatively transferred to a 400-ml beaker and extracted 4 times with 100 ml ether/petroleum ether (1: 1) in a warm water bath. The combined extracts were purified by GPC. Toxaphene was quantified by methane negative-ion chemical ionization GC/MS with selected ion monitoring. Ions m/z 343, 377, and 411, representative of three groups of toxaphene congeners, were monitored at 300 msec/amu. Gas chromatography conditions were as described above, but the temperature was programmed from 190 to 300 C. The recovery of toxaphene from fortified fat was 88.2 Ϯ 6.4% at 1 ppm and 84.0 Ϯ 5.7% at 10 ppm.
Liver and kidney samples from 1 of the 5 animals that died contained 10.7 and 4.5 ppm of toxaphene, respectively. Diagnostic values of toxaphene in liver and kidney from one controlled study were found to be 1.2 and 0.8 ppm or higher, respectively. 11 Of the 19 fat biopsies taken 4 weeks after animals were exposed, 4 had toxaphene concentrations above the action level of 7.0 ppm, 7 had concentrations above 1.0 but below the action level of 7.0 ppm, and 8 had nondetectable levels of toxaphene (detection limit of 1.0 ppm). Fat biopsies were retaken 22 weeks after exposure from the 4 animals that had toxaphene levels above the action level of 7.0 ppm. Three of these animals had fat toxaphene concentrations in the rage of 1.4-4.0 ppm (below the action level of 7.0 ppm), but the fourth animal had a fat toxaphene concentration of 10.6 ppm. The fat toxaphene concentrations in these 4 animals are summarized in Fig. 1 . The estimated half-life of the elimination phase of toxaphene in fat samples in individual animals based on data available at 4 and 22 weeks varied from 6.3 to 13.0 weeks, with a mean of 9.0 weeks.
Toxaphene is a member of the cyclodiene class of chlorinated insecticides, which also includes aldrin, dieldrin, chlordane, heptachlor, endrin, and isodrin. 3, 10 Calves are more susceptible than mature animals, and the minimum single oral toxic and lethal doses are estimated to be 5 and 144 mg/kg, respectively, in cattle. Sheep, goats, and other livestock are also susceptible to toxaphene poisoning. 2, 6 Clinical signs are usually noticed within 48 hour following exposure and include hyperexcitability, excessive salivation, grinding of teeth, muscular twitching, and convulsions. Some animals may appear dull, listless, innappetent, and blind. Body temperature at the time of death may be in excess of 42 C. 7, 8 Although all these signs were not present in this case, the clinical signs observed were consistent with toxaphene poisoning. Toxaphene exerts these effects in 2 ways-by antagonizing gamma-aminobutyric acid (GABA), a neurotransmitter, and by inhibiting Mg 2ϩ ATPase in the central nervous system (CNS). 3 This enhances the release of calcium-dependent neurotransmitters and propagation of stimuli throughout the CNS. At necropsy, cyanosis, gastrointestinal hemorrhage, and congestion of the abdominal viscera may be found, 7 but they are not always present, as in the current case.
Information on toxaphene residues in fat in cattle following single toxic exposure is lacking. This information is needed to help reach public health decisions following accidental toxaphene poisoning of livestock. The information available on tissue residue half-life is based on results of multiple topical or oral exposure studies and suggests that the half-life of toxaphene in adipose tissues of steers and sheep is about 2 weeks. 7 Currently, this information is used to predict when violative residues will reach acceptable concentrations. As shown by the data in this case study, the estimated mean half-life of the elimination phase of toxaphene in fat was 9 weeks. Previous studies may have underestimated the half-life of toxaphene residues in fat. How- ever, the half-life in the present case study is based on two sampling time points (4 and 22 weeks) and may not reflect the true half-life of toxaphene in fat. Using milk fat as the test medium, multiple sampling for up to 210 days showed that heptachlor may be eliminated, at least biphasically, with an alpha half-life of about 7 days and a beta half-life of 34 days. 9 If indeed toxaphene follows a triphasic elimination pattern such as that of heptachlor in milk fat, and one or both points were sampled prior to the end of the beta phase, then our reported half-life would overestimate the true terminal half-life of toxaphene. The usefulness of our data, however, stems from the fact that they are based on a field toxaphene toxicosis and provide specific information on this specific chemical. The information widely available in the literature deals with organochlorine pesticides as a class and lacks specific information on individual chlorinated insecticides. This case underscores the need for diagnosticians to consider banned pesticides in differential diagnoses.
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